Molecular Characterization of Polystyrene/ Waste Tires Composites by Abdel-Goad, Mahmoud Abdel-Halim
International Journal of Engineering and Information Systems (IJEAIS) 
ISSN: 2000-000X   




Molecular Characterization of Polystyrene/ Waste Tires 
Composites 
Mahmoud Abdel-Halim Abdel-Goad 
Chemical Engineering Dept., Faculty of Engineering, Minia University, Egypt 
(E-mail:m.abdelhalim@mu.edu.eg) 
 
Abstract— In this work, polystyrene/waste tires composites were prepared using the melt-mixing method.. The effect of the 
preparation conditions of the PS/waste tires composite is investigated in this work by using Gel permeation chromatography 
(GPC) technique.  
Stability at elevated temperatures were found to increase with the addition of waste tires to PS as confirmed by the results. 
GPC results indicate that the preparation conditions of the PS/waste tires composite has no effect on the Ps chains as 
indicated by  GPC technique. The signals of the GPC for unfilled and filled PS are similar. That evidences no thermo-
mechanical chain degradation is taken place during the addition of the waste tires under the conditions of the melt-mixing 
process 
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1. INTRODUCTION 
The growth rate of the use of particulate filled polymers is very fast in all fields of application Household articles and 
automotive parts are equally prepared from them. In the early stages, the sole reason for the introduction of fillers was to decrease 
the price of the polymer. However, as a result of filling all properties of the polymer change, a new polymer is in fact created. 
Some characteristics improve, while others deteriorate, and properties must be optimized to utilize all potentials of particulate 
filling. Optimization must include all aspects of the composites from component properties, through structure and especially 
interactions [1]. 
Composite materials are created by combining two or more components to achieve desired properties, which could not be obtained 
with the separate components. The use of reinforcing fillers, which can reduce material costs and improve certain properties, is 
increasing in thermoplastic polymer composites. The advantages of polymer composites on performance, economy, or ecology 
have accelerated the research activities in the field of polymer composites in terms of academic and industrial interests [2-18].  
Currently, various inorganic materials such as talc, mica, clay, glass fiber, and calcium carbonate are being incorporated into 
thermoplastic composites [18].Nevertheless, agricultural fillers, for example, wood fiber or wood flour, have drawn attention due 
to their abundant availability, low cost, and renewable nature. In recent years, interest has grown for composites made from wood 
flour or wood fiber in thermoplastic matrices, particularly for low-cost/high-volume applications.  
Disposal of waste rubber material is a global problem, and used tires constitute the largest volume of scrap rubber. Recycling of 
waste tires is essential due to economic and environmental reasons. Utilization of ground waste rubber has been reviewed recently. 
Finely ground waste tire rubber has been used as filler in rubbers and in thermoplastics [19]. Physical properties and processability 
are reported to be adversely affected when large volumes of waste rubber is added to a rubber compound.  
Understanding the makeup of a polymer is particularly important due to the variety of resins available for the same purpose, the 
high cost of specialty resins or compounds, and the value added to the polymer during manufacturing. For example, the cost of a 
resin used in a printed circuit board is very low, but the cost of the finished board is very high. Poor quality resin can result in an 
unacceptable finished circuit board. 
Gel permeation chromatography (GPC) is one of the most powerful and versatile analytical techniques available for understanding 
and predicting polymer performance. It is the most convenient technique for characterizing the complete molecular weight 
distribution of a polymer. 
Waters commercially pioneered GPC in 1963. Since then, Waters has continued to develop and explore new GPC applications and 
improve the instrumentation that makes GPC so powerful. 
The purpose of this work was to study the molecular characteristics of  polystyrene/waste tire composites compared to the original 
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2. EXPERIMENTAL PART 
2.1 Samples preparation and characterization 
PS/waste tires composites were prepared by introducing waste tires into commercial PS with molecular weight about 2107 g/mol. 
The waste tires were shredded into small particles sizes of about 2 mm. The mixture of PS and 12 wt % shredded tires are dry 
mixed by hand-mixing for around half an hour and heated at 300°C for 2 hours.  
The unfilled and filled PS are characterized by Gel permeation Chromotography (GPC) operates at 25°C with tetrahydrofuran as 
the mobile phase and standard Polystyrene as a calibration standard. GPC samples were prepared by dissolving about 3 mg of the 
material in 4 ml tetrahydrofuran. The sample was filtered using 0.2 μm filter Teflon to remove un-dissolved material followed by 
injecting the sample and run the GPC test. 
3. RESULTS AND DISCUSSION 
Gel permeation chromatography (GPC) is one of the most powerful and versatile analytical techniques available for understanding 
and predicting polymer performance. It is the most convenient technique for characterizing the complete molecular weight 
distribution of a polymer. 
Where a polymer's end-use application requires precision performance or endurance under harsh conditions, the need for polymer 
characterization is particularly acute. Because GPC fulfills these needs better than any other single technique, it has become an 
extremely valuable tool for materials characterization in the polymer industry. 
GPC separates molecules in solution by their "effective size in solution. 
Inside the gel permeation chromatograph, the dissolved material is injected into a continually flowing stream of solvent (mobile 
phase). The mobile phase flows through millions of highly porous, rigid particles (stationary phase) tightly packed together in a 
column. The pore sizes of these particles are controlled and available in a range of sizes. 
The width of the individual peaks reflects the distribution of the size of molecules for a given resin and its components. The 
distribution curve is also known as the molecular weight distribution (MWD) curve. Taken together the peaks reflect the MWD of 
a sample. The broader the MWD, the broader the peaks become and vice versa. The higher the average molecular weight, the 
further along the molecular weight axis the curve shifts and vice versa. 
The effect of the preparation conditions of the PS/waste tires composite is investigated in this work by using Gel permeation 
chromatography(GPC) technique and indicated in Figures 1 and 2. As shown in these Figures, the signals of the GPC for unfilled 
and filled PS are similar. That evidences no thermo-mechanical chain degradation is taken place during the addition of the waste 
tires under the conditions of the melt-mixing process. Since obviously, the thermo-mechanical degradation associated with large 
molecular weight distribution which appears in the shifting of the GPC signal toward high retention volume. Where the broken 
molecules (small chains) appears at high retention volume ( long time), because it takes long time to diffuse into the pores of the 
gel through the GPC column. 
4. CONCLUSION 
In this study the waste tires reused in the production of PS composite.  
GPC results indicate that the preparation conditions of the PS/waste tires composite has no effect on the Ps chains as indicated by  
GPC technique. The signals of the GPC for unfilled and filled PS are similar. That evidences no thermo-mechanical chain 
degradation is taken place during the addition of the waste tires under the conditions of the melt-mixing process 
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Figure 1: GPC traces for unfilled PS 
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Figure 2: GPC traces for PS composite 
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